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Inland water system are spatio- temporally dynamic  ecosystems, which not  only  
include very large lakes,  rivers, floods plains, peat lands, marshes and swamps but 
also small streams, ponds, springs, cave waters and even very small pools of water in 
tree holes and other cavities in plants and soil. However, at the global level, inland 
waters account merely 0.01 percent of the total water available in the world 
(excluding the ice caps at the poles) but this minute fraction of water is the home to an 
extraordinarily high level of biodiversity and provides a vital range of goods and 
services essential for sustaining human well being (Saundry,2011). The services 
include food, fibre, medicine, climate regulation, flood and natural disaster mitigation, 
nutrient recycling, purifying our drinking water etc. These ecosystems are also 
essential for production of energy, transport, recreation and tourism. 
Increasing industrialization and urbanization led to change in water quality 
through inputs of nutrients. Eutrophication occur rapidly under conditions when 
abnormally high amount of nutrients from sewage discharge,  excessive fertilizers, 
animal sewage and detergents enters the water bodies causing excess growth of 
phytoplankton and other aquatic plants (Hosetti and frost, 1998). Thus, excessive 
increase in human population, urbanization, use of fertilizers in agriculture is 
responsible for deterioration of water quality which results in habitat destruction and 
loss of biodiversity. Biological diversity means the variability among living 
organisms from all sources including, interalia, terrestrial, marine and other aquatic 
ecosystem and the ecological complexes of  which they are part; this include 
biological diversity within  species and of ecosystem. 
Biodiversity can be defined as variety of life at all levels, i.e. genus, species, 
population, community and ecosystem. It is a precious heritage which is blessed by 
nature to save the planet and mankind. 
Biodiversity supplies the buffering capacity and stability to life on the planet 
by maintaining the interactive dynamics of all ecosystems of the world. The loss of 
biodiversity in freshwater ecosystems is an increasing phenomenon, mainly due to 
human activities (Abell, 2002), eutrophication, habitat destruction exotic species 
introduction and global climate change impacts. 
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Aquatic organisms react to the totality of inputs both in terms of the variety of 
chemicals present and the range of concentrations and represent sum of the prevailing 
conditions. Any change in physico-chemical conditions of an ecosystem is reflected 
by changes in community structure and functions. Thus, they are useful in 
determining the health of an aquatic ecosystem (Loeb, 1994).  
Plankton of the various fresh waters differs widely in quality and quantity. 
Plankton (both phytoplankton and zooplankton) may be used as reliable tool to assess 
the pollution status of aquatic ecosystems. These organisms not only increase fish 
production but also help in bioremediation of heavy metals and other toxic material. 
Plankton can also act as biomarker for water quality assessment for fish production 
(Pradhan et al., 2008). Zooplankton plays an important role in indicating the water 
quality, eutrophication status and productivity of a freshwater body. Zooplankton 
study is of necessity in fisheries, aquaculture and paleolimnological research. 
Crustaceans, are aquatic invertebrates belonging to phylum arthropoda (class: 
Crustacea).These include such familiar groups as barnacles, crabs, crayfish, lobster, 
water fleas and pill bugs. Four obvious features clearly distinguish the members of the 
class Crustacea; with few exceptions, they are all aquatic arthropods; respiration occur 
through gills or through the general body surface; they all have two pairs of antennae; 
most of the body segments, or at least the more anterior ones, bear paired, jointed 
appendages that are fundamentally biramous  (Pennak, 1978). In groups such as 
Cladocera and Ostracods body segmentation has disappeared.  
In both the marine and fresh water environment, crustaceans may live in the 
benthic as well as in the pelagic zones. This is due to extreme diversity of adaptations 
in morphology, physiology, reproduction and response to different conditions which 
enable crustaceans to establish themselves in almost any body of water (Vernberg and 
Vernberg, 1983).  Most crustaceans are carnivores or scavengers, though herbivores 
and detritivores are also common, some crustaceans are parasitic as well. Thus, 
crustaceans are the key players in marine and freshwater food webs.  
Crustaceans as natural food of many species of fishes, supply the necessary 
amount of protein for rapid growth of their larvae. In a healthy habitat wherein 
external influences of pollution are absent or at least low, members of this group 
constitute a sizeable population. 
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 Aquatic macrophytes are the plants that grow in or near water as emergent, 
submerged or floating; or the plants grow partially or completely in water. Many 
species occurs on the margin throughout the year, some appear during the rains while 
few resistant species flourish even in dry season. These plants release oxygen into the 
aquatic environment during photosynthesis which in turn is utilized by aquatic biota. 
Besides, they play an important role by providing food and micro habitat to fish, 
wildlife and aquatic organisms in aquatic systems worldwide.  
These plants typically maintain a balance within the ecosystem encouraging 
the success of crustacean communities as well as the success of the other species at 
varying trophic levels. 
To understand the distribution and function of aquatic biodiversity, it is 
important to study and explore various types of fresh water resources. Also, to judge 
their ecosystem resistance and resilience in response to exponential demographic 
loading there is a need to comprehend the fundamental properties of fresh water. 
Limnology has a lot of scope for the environmental conservation of the aquatic 
organisms and restoration of aquatic habitats. It also describes the status of lakes and 
ponds on the basis of chemical and biological analyses for conservation and 
development of fishery resources. 
The present study will provide better overview of the zooplanktonic 
crustacean species composition and diversity in general and of Cladocera, Copepoda 
and Ostracoda in particular in the selected macrophyte infested water bodies. 
The aim of present study is to collect the zooplanktonic crustaceans from 
macrophyte infested zones of selected water bodies in order to find out monthly 
variations in composition and abundance of different taxa and to find out that how 
diversity is influenced by temporal and spatial factors. The data will be statistically 
worked out to conclude magnitude of effect of various environmental factors. 
The details of objective are: 




 to identify the crustacean zooplankton on the basis of morphological features 
upto genus or species level; 
 to determine monthly Crustaceans species composition and species 
abundance; 
 to enlist the zooplanktonic Crustacean species of selected macrophyte infested 
water bodies of Aligarh; 
 to conclude the underlying causes, patterns, relationships and trends, and 
interpretation of quantitative data with the help of different statistical tools, 
Correlation, Regression, Histograms, Pie charts, ANOVA  and 
 to compute diversity parameters such as Shannon-Weiner diversity index, 
Evenness, Richness, Percent similarity and Dominance. 
 
A-Physico-chemical conditions 
Temperatures: In Chherat pond, air temperature fluctuated from 150C in 
January, 2011 to 38 0C in June, 2010 whereas water temperature fluctuated from 120C 
in January, 2011 to 360 C in June, 2010. In Laldiggi pond, air temperature  varied 
from  160C in February, 2011 to 420C in July, 2011, whereas minimum water 
temperature 150C was recorded in January and February, 2011 and maximum  of 390C 
in July, 2011. In Chautal pond, air temperature minimum of 130C in January, 2011 
and maximum of 380C in June, 2010, whereas minimum of water temperature 120C in 
January, 2011 and maximum of 360C in June, 2010 was recorded. 
Water temperature recorded a significant positive correlation with Air 
temperature in all the three selected ponds; Cherrat pond (r =0.996), Laldiggi pond (r 
=0.976) and Chautal pond (r =0.991). ANOVA indicated significant difference in air 
temperature as well as for water temperature between months (Air, F=27.31; Water, 
F=35.95; P<0.05) and between ponds (Air, F=2.61; Water, F=2.89; P<0.05). 
Depth: The depth of the selected water bodies ranged from 41 cm to 149 cm.  
The order of depth of the selected water bodies was as under: Laldiggi pond > Chautal 
pond > Chherat pond. Minimum depth of 41.0 cm (June, 2010 and 2011) in Chherat 
pond, 57 cm (June, 2011) in Laldiggi pond and 51.0 cm (June, 2010) in Chautal pond; 
whereas maximum depth of 89.0 cm (August, 2010) in Chherat pond, 149.0 cm 
(April, 2010) in Laldiggi pond and   99.0 cm (September, 2010) in Chautal pond were 
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recorded. ANOVA indicated significant difference in depth between months 
(F=48.59; P<0.05) as well as between ponds (F=133.68; P<0.05). 
Transparency: The values of Transparency ranged from 15.00 cm to 51.50 
cm in the selected water bodies. In Chherat pond, transparency varied from a 
minimum of 15.40 cm in June, 2010 to a maximum of 43.0 cm in February, 2011. It 
fluctuated from a minimum of 16.20 cm in July, 2011 to a maximum of 51.50 cm in 
February, 2010 in Laldiggi pond, whereas in Chautal pond, transparency fluctuated 
from a minimum of 15.0 cm in the July, 2011 to a maximum of 43.0 cm in February, 
2011.  
Transparency recorded negative insignificant correlation with TDS in Chherat 
pond (r= -0.078) and in Chautal pond (r= -0.365) and positive insignificant in 
Laldiggi pond. But, with water temperature it recorded negative significant correlation 
in all the three selected water bodies (Chherat pond; r = -0.737; Laldiggi pond; r= -
0.639, and Chautal pond; r= -0.730). ANOVA indicated significant difference in 
transparency between months (F=7.93; P<0.05) and insignificant between ponds. 
Dissolved oxygen: The monthly dissolved oxygen content in the selected 
water bodies varied from 0.8 mg/l to 12.0 mg/l. The decline in dissolved oxygen 
content during summer and monsoon months is attributed to ever increasing water 
temperature leading to decrease in oxygen retention capacity of water, 
decomposition of organic matter and increase in respiratory consumption of oxygen 
due to increased metabolic rate, whereas high dissolved oxygen values were 
recorded during winter, could be related to increased oxygen retention capacity of 
water due to low temperature  and reduction in respiratory consumption of oxygen 
due to reduced metabolic rate. 
Statistically dissolved oxygen showed significant negative correlation with 
water temperature in Chherat pond, r=-0.685; Laldiggi pond, r = -0.623 and in 
Chautal pond, r = -0.419. ANOVA indicated significant difference in dissolved 
oxygen between months (F=2.236; P<0.05) and insignificant difference between 
ponds (F=0.099; P>0.05).  
Carbondioxide: In the present investigation free CO2 was found to be totally 
absent in Chherat pond during the whole course of study, whereas in Laldiggi pond, 
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carbondioxide was found to be present from February, 2010 to July, 2010 and then in 
June, 2011 (18.0 -30.0 mg/l) only. In Chautal pond it was recorded throughout the 
course of study (10.0 mg/l - 45.0 mg/l). Absence of free CO2 might be due to its 
utilization in photosynthesis by algae and macrophytes. Another reason for the 
absence of free carbondioxide during different months might be attributed to alkaline 
pH (8.5 or above) of water, which led to conversion of free carbon dioxide into 
bicarbonates by reacting with carbonates. ANOVA indicated significant difference in 
free CO2 between ponds (F=43.96; P<0.05) and insignificant between months 
(F=1.12; P>0.05).  
Alkalinity:  In Chherat pond, total alkalinity fluctuated from 130 mg/l to 770 
mg/l, from 120 mg/l to 500 mg/l in Laldiggi pond and from 220 mg/ to 652 mg/l in 
Chautal pond.  
In the present investigation alkalinity was found due to carbonates and 
bicarbonates throughout the study in all the selected ponds, except in Chherat pond 
where hydroxide and normal carbonates were recorded in February and March, 2010.  
Statistically alkalinity showed, positive and significant correlation with 
hardness in Chherat pond (r = 0.678) and Laldiggi pond (r = 0.623) while 
insignificant negative correlation was recorded in Chautal pond (r = - 0.390). 
ANOVA indicated significant difference in Alkalinity between ponds (F= 7.91; 
P<0.05) while insignificant between months (F= 1.46; P>0.05).  
Bicarbonate Alkalinity: The monthly bicarbonate alkalinity varied from 
minimum 32.00 mg/l to maximum 652.0 0 mg/l in selected water bodies. 
High values of bicarbonates in Laldiggi pond and Chautal pond in post winter 
was due to reduction in photosynthetic uptake of bicarbonates as a source of inorganic 
carbon due to reduced growth of macrophytes and presence of free CO2   which 
converted insoluble CO3  to soluble bicarbonates. ANOVA indicated significant 
difference in bicarbonate alkalinity between ponds (F=8.61; P<0.05) and insignificant 
between months (F=0.96; P>0.05). 
Carbonate Alkalinity: In Chherat pond, it varied from a minimum of 
100.0 mg/l in October, 2010 to a maximum of 500.0 mg/l in June, 2010. In Laldiggi 
pond values fluctuated from a minimum of 60.0 mg/l in November, 2010 and July, 
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2011 to a maximum of 174.0 mg/l in January, 2011. However it was found absent 
from February, 2010 to August, 2010 and June, 2011 in Chautal pond. ANOVA 
indicated significant difference in carbonate alkalinity between ponds (F=34.90; 
P<0.05) but insignificant between months (F=0.43; P>0.05). 
Conductivity: In the present study values of conductivity ranged from a 
minimum of 1021µScm-1 to a maximum of 1994 µ Scm-1 in the selected water 
bodies.  
In the present study conductivity values during different months might be due 
to cumulative effects of various factors like amount of sewage and productivity i.e. 
abundant macrophytes and zooplankton in these ponds.  
Results showed significant positive correlation between conductivity and TDS 
in all the ponds Chherat pond (r=0.477), Laldiggi pond (r= 0.515), and Chautal pond 
(r = 0.508). ANOVA indicated significant difference in conductivity between ponds 
(F=2.75; P<0.05) while insignificant between months (F=1.05; P>0.05).  
Total Dissolved Solids: In the present study, values of TDS ranged from a 
minimum of 550 mg/l to a maximum of 2135 mg/l in the selected ponds. 
TDS range from 930 mg/l in March, 2011 to 2010 mg/l in July, 2010 in 
Cherrat pond, from a 550 mg/l in April, 2011 to 1850 mg/l in April, 2010 in 
Laldiggi pond, whereas in Chautal pond from 700 mg/l in November, 2010 to 2135 
mg/l in September, 2010. 
The fluctuations in TDS during present study could be correlated to the 
differential load of various agents such as soluble salts, nutrients released from mud 
and humus, leaching of fertilizers, faecal matter, and entry of sewage from the 
catchments area. ANOVA indicated significant difference in TDS values between 
ponds (F=3.68; P<0.05), while insignificant between months (F=1.51; P>0.05).  
 pH:  In the present study pH fluctuated from 7.3 to 9.5 in selected water 
bodies. The reason for alkaline pH in the present study could be related to enhanced 
photosynthesis carried out by aquatic macrophytes and algae thereby, removing free 
CO2 and resulting in an increase in alkalinity. Moreover, certain algae are able to 
utilize carbondioxide from bicarbonates converting them into carbonates and thus pH 
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is raised. ANOVA indicated significant difference in pH values between ponds 
(F=0.393; P<0.05) as well as between months (F=0.524; P<0.05).  
Hardness: In the present study the values of hardness fluctuated from a 
minimum of 90.0 mg/l to a maximum of 423.0 mg/l in the selected ponds. In Chherat 
pond from 153.0 mg/l during March, 2010 to 423.0 mg/l June, 2010, in Laldiggi pond 
from 90.0 mg/l in December, 2010 to 213.0 mg/l in March, 2010 whereas in Chautal 
pond it fluctuated from 100.0 mg/l during May, 2010 to 240.0 mg/l in November, 
2010.  ANOVA indicated significant difference in Hardness between ponds (F=33.23; 
P<0.05), while insignificant between months (F=0.44; P>0.05). 
Chloride:  The monthly variations in chloride concentration in the selected 
water bodies. It ranged from 49.70 mg/l to 610.00 mg/l in the selected ponds. The 
maximum concentration of chloride during summer in these water bodies was 
attributed to increased evaporation and decomposition of organic matter during that 
season. ANOVA indicated significant difference in chloride concentrations between 
ponds (F=49.41; P<0.05) as well as between months (F=3.41; P<0.05). 
Calcium: In the present study, concentration of calcium fluctuated from a 
minimum of 12.80 mg/l to a maximum of 140.00 mg/l in the selected ponds.  
In present study, calcium did not show any significant variation and no 
seasonal trend was recorded in all the selected ponds. However, high values of 
calcium were recorded throughout the study period excepting few months which is 
related to regular heavy input of sewage from surrounding area throughout the year. 
ANOVA indicated significant difference in Calcium concentration between ponds 
(F=18.70; P<0.05) while insignificant between months (F=1.34; P>0.05). 
Magnesium: The concentration of magnesium fluctuated from 2.40 mg/l to 
42.90 mg/l in the selected ponds. The magnesium also did not show any significant 
variation across the selected water bodies and no definite seasonal trend was recorded. 
ANOVA indicated significant difference in magnesium concentration between ponds 
(F=7.66; P<0.05) while insignificant between months (F=0.79; P>0.05).  
Phosphate Phosphorous (PO4-P): Phosphate-phosphorous varied from 
0.10 mg/l during October, 2010 to 1.28 mg/l during July, 2011 in Chherat pond, while 
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in Laldiggi pond from 0.10 mg/l in October, 2010 to 0.94 mg/l in June, 2011. In 
Chautal pond phosphate was recorded 0.10 mg/l (minimum) in September, 2010 
while 0.92 mg/l (maximum) in June, 2011.Temperature plays important role in the 
release of this nutrient from detritus and sewage. 
Phosphate recorded a significant positive correlation with water temperature in 
Cherrat pond (r =0.480), Chautal pond (r =0.603) and in Laldiggi pond (r =0.466). 
ANOVA indicated insignificant difference in phosphate concentration between ponds 
(F=0.6648; P>0.05), while significant between months (F=3.7160; P<0.05).   
Nitrate-Nitrogen (NO3-N): In the present study, concentration of nitrate-
nitrogen ranged from a minimum of 0.06 mg/l in the month of October, 2010 to a 
maximum of 0.24 mg/l in July, and September, 2010 in Chherat pond, while in 
Laldiggi pond, from 0.03 mg/l in September, 2010 to 1.12 mg/l in June, 2011. In 
Chautal pond it varied from a minimum of 0.04 mg/l in February, 2011 to a maximum 
of 0.28 mg/l in May, 2010.   
Nitrate recorded a significant positive correlation with water temperature in 
Cherrat pond (r =0.538), positive but insignificant in both Laldiggi pond (r =0.411) 
and Chautal pond   (r =0.183). ANOVA indicated insignificant difference in 
concentration of nitrate- nitrogen between ponds (F= 0.931; P>0.05) as well as 
between months (F= 1.10; P>0.05).  
B - Aquatic Macrophytes: composition, abundance and diversity 
In the present study a total of thirteen species of aquatic macrophytes were 
recorded, out of which, two species belong to free floating, three species belong to 
submerged and eight species to emergent macrophytes in both Chherat and Chautal 
ponds whereas in Laldiggi pond showed complete absence of  free floating 
macrophytes throughout the study period. 
Spatially, these macrophytes showed the following order of abundance; 
Chherat pond > Laldiggi pond >Chautal pond.  
The total macrophytes density varied, from 28 No/m2 in June, 2010 to 156 
No/m2 in October, 2010 in Chherat pond, from 30 No/m2 in June, 2010 to 204 No/m2 
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in October, 2010 in Laldiggi pond and from 30 No/m2   in May, 2010 to 166 No/m2 in 
September, 2010 in Chautal pond during the course of study. 
Statistically total macrophytes recorded significant negative correlation with 
water temperature ( Chherat pond, r = - 0.683, Chautal pond r = - 0.511  and  Laldiggi 
pond r = -0.459), with nitrate (Chherat pond, r = - 0.629; Chautal pond, r = - 0.542 
and Laldiggi pond r = -0.505) and with phosphate (Cherrat pond r = - 0.544; Chautal 
pond, r = - 0.577 and Laldiggi pond, r = -0.566) in all ponds, whereas with dissolved 
oxygen it was found significant positive  in all the studied ponds( Chherat pond r = 
0.555, Laldiggi pond, r = 0.527 and Chautal pond r =  0.563). ANOVA indicated 
significant difference in density of total Macrophytes between ponds (F=3.05; 
P<0.05) and between months (F=4.12; P<0.05).  
Free floating aquatic macrophytes: Two species of free floating aquatic 
macrophytes i.e. Eichhornia crassipes in Chautal pond and Ipomoea aquatica in 
Chherat pond were recorded.  Free Floating macrophytes density ranged from a 
minimum of 10 No/m2 in July, 2010 to maximum of 37 No/m2 in February, 2010 in 
Chherat pond. In Chautal pond ranged from minimum of 5 No/m2 in October, 2010 to 
a maximum of 31 No/m2 in November, 2010 and February, 2011 whereas in Laldiggi 
pond the  complete absence of free floating were recorded during the study period. 
Total percent contribution of free floating macrophytes ranged from 10.17 % 
during, March 2011 to 46.43 % in June, 2010 in Chherat pond, whereas it varied from 
5.32 % during October, 2010 to 56.67 % in May, 2010 in Chautal pond. ANOVA 
indicated significant difference in density of free floating macrophytes between ponds 
(F=60.42; P<0.05) and insignificant between months (F=1.28; P>0.05). 
Submerged aquatic macrophytes: In the present study submerged aquatic 
macrophytes were represented by Hydrilla sp., Potamogeton sp. and Ceratophyllum 
sp. across the selected water bodies. However in Chautal pond only Potamogeton sp., 
was encountered whereas Chherat pond was represented by Hydrilla sp. and 
Potamogeton sp.  Laldiggi pond showed presence of all the three macrophytes during 
most of the study period. 
The total submerged macrophytes density varied, from a minimum of 4 No/m2 
in January, 2011 to maximum of 31 No/m2 in July, 2011 in Chherat pond, from 7 
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No/m2 in April, 2011 to 88 No/m2 in October, 2010 in Laldiggi pond; from 17 No/m2  
in March, 2010 and August, 2010 to 46 No/m2 September, 2010 in Chautal pond. 
Total percent contribution of submerged macrophytes was found to be ranged 
from 4.12 % during January 2011, to 30.10 % in July, 2011 in Chherat pond; from 
7.61 % during April, 2011 to 47.67 % in July, 2010 in Laldiggi pond and from 14.66 
% during August, 2010 to 35.00 % in January, 2011 in Chautal pond. ANOVA 
indicated significant difference in density of submerged macrophytes between ponds 
(F=13.44; P<0.05) and insignificant between months (F=1.98; P>0.05). 
Emergent aquatic macrophytes: A total of eight species of emergent aquatic 
macrophytes were recorded during the course of study across the selected water 
bodies. These are Typha sp., Polygonum sp., Phragmites sp., Callitriche sp., Rorripa 
sp., Ranunculus sp., Alisma aquatica, and Nasturtium sp. Out of eight recorded 
species, five encountered in Chherat, seven in Laldiggi and six in Chautal pond. 
The total emergent macrophyte density varied, from 28 No/m2 in June, 2010 to 
156 No/m2 in October, 2010 in Chherat pond, from 21 No/m2 June, 2010 to 116 
No/m2 October, 2010 in Laldiggi pond; from 13 No/m2 May, 2010 to 125 No/m2 
February, 2011 in Chautal pond. ANOVA indicated significant difference in density 
of emergent macrophytes between ponds (F=3.75; P<0.05) and between months 
(F=3.61; P<0.05). 
Crustaceans: composition, abundance and diversity: In the present study, 
Cladocera, Copepoda and Ostracoda and nauplii constituted crustacean’s collection. 
Out of the recorded twenty three species of crustaceans, twelve species belong to 
order Cladocera, six species belong to subclass Copepoda and five species to sub class 
Ostracoda (class: crustacea; phylum: arthropoda). 
These crustaceans showed following order of dominance; in the selected water 
bodies. In Chherat pond: Cladocera> Ostracoda >Copepoda; in Laldiggi pond: 
Cladocera>Copepoda> Ostracoda; in Chautal pond: Cladocera> Copepoda> 
Ostracoda. However, total crustacean population followed the order of abundance: 
Chautal pond >Chherat pond > Laldiggi pond in the selected water bodies.  
The total crustacean density varied from 37 No./l in July, 2011to 408 No./l in 
October, 2010 in Chherat pond; from 83 No./l in June, 2010 to 295 No./l in October, 
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2010 in Laldiggi pond whereas in Chautal pond it varied from 51No/l in July,2011 to 
339 No./l in February, 2010.  
Statistically, total crustaceans recorded significant negative correlation with 
water temperature in Chherat pond (r = - 0.577) and Chautal pond (r = - 0.534) and 
negative but insignificant correlation in Laldiggi pond (r = - 0.236); with transparency 
positive significant in Chherat (0.652) and Chautal pond (0.546) while positive 
insignificant in Laldiggi pond (0.263). 
Crustaceans with total macrophytes recorded significant positive correlation in 
all the selected ponds i.e. Chherat pond (r = 0.673), Laldiggi pond (r = 0.636) and in 
Chautal pond (r=0.563). With Free floating macrophytes it showed significant 
positive correlation in Chherat pond (r = 0.437) and in Chautal pond (r = 0.654). 
However, for Laldiggi pond correlation between total crustaceans and free floating 
macrophytes cannot be computed due to the complete absence of latter. With 
Submerged macrophytes, total crustaceans showed insignificant positive correlation 
in Chherat pond (r = 0.345) and in Chautal pond (r=0.070), while significant positive 
correlation in Laldiggi pond (r = 0.712). With emergent macrophytes total crustacean 
showed significant positive correlation in all the three ponds i.e. Chherat pond (r = 
0.658), Laldiggi pond (r = 0.584) and in Chautal pond (r=0.574). ANOVA indicated 
insignificant difference in density of total Crustaceans between ponds (F=1.55; 
P>0.05) while significant between months (F=2.27; P<0.05). 
Cladocera: In the present study the cladocera was found to be most abundant 
and dominant group as qualitatively well as quantitatively. The group is represented 
by twelve species, viz. Alona sp. Bosmina longirostris, Ceriodaphnia sp., Chydorus 
sp., Daphnia carinata, Daphnia magna, Daphnia pulex, Daphnia similis, Leptodora 
sp., Moina sp., Sida crystallina and Simocephalus sp.  
Cladocerans density ranged from 15 No/l in July, 2011 to 192 No/l in 
February, 2010 in Chherat pond, from 42 No/l in July, 2010 & 2011 to 153 No/l in 
October, 2010 in Laldiggi pond and 11No/l in July, 2011 to 154 No/l in February, 
2010 in Chautal pond. 
Cladocera showed peaks of abundance during post winter (February, 2010 and 
2011) and post monsoon (October, 2010) in Chherat pond.  In Chautal pond, it 
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showed peak in post winter 2010 and 2011, whereas in Laldiggi pond Cladocera 
peaks were recorded in Monsoon post monsoon. 
Percent contribution of Cladocera to total recoded crustaceans during the 
course of study ranged from 23.61 % in June 2011 to 86.14 % in December, 2010 in 
Chherat pond; from 37.17 % in July, 2011 to 70.11 % in November, 2010 in Laldiggi 
pond and from 21.57 % in July, 2011 to 57.60 % in September, 2010 in Chautal pond. 
Statistically, Cladocera recorded significant negative correlation with water 
temperature in Chherat pond (r = -0.798) and Chautal pond (r = -0.631) while 
negative insignificant in Laldiggi pond (r = -0.357). 
The abundance of Cladocerans in post winter and monsoon could be attributed 
to high dissolved oxygen and favorable water temperature during these seasons. It can 
also be related to presence of algal biomass increased food supply during these 
seasons. Cladocerans peak in post monsoon season with maximum population density 
in the month of October, 2010 was due to contribution Chydorus species in large 
number during that period. 
To know the relationship between Cladocera and total macrophyte, the 
correlation analysis was carried out, it showed positive significant correlation in all 
the ponds (Cherrat pond, r =0.718, Laldiggi pond, r=0.520 and Chautal pond, r=0.614; 
with free floating macrophytes positive significant correlation in Chherat (r=0.511) 
and Chautal pond (r=0.722), whereas no correlation in Laldiggi pond due to absence 
of free floating macrophytes. With Submerged macrophytes positive insignificant 
correlation in Chherat (r=0.321) and Chautal pond (r=0.171) while positive significant 
in Laldiggi pond (r=0.618). With Emergent macrophytes positive significant 
correlation was recorded in Chherat (r=0.710) and Chautal pond (r=0.579), whereas it 
was positive insignificant in Laldiggi pond (r=0.362). ANOVA indicated significant 
difference in density of cladocera between ponds (F=2.48; P<0.05) and between 
months (F=2.67; P<0.05). 
Copepoda: In the present study Copepoda was the second most dominant 
group in Laldiggi pond, however, in Chautal and Chherat ponds, it was recorded to be 
least dominant group among the crustaceans. It is represented by six genera, viz, 
Cyclops sp., Diaptomus sp., Eucyclops sp., Mesocyclops sp., Metacyclops sp., and 
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Thermocyclops sp. During the investigation Mesocyclops sp., a pollution indicator 
species as suggested by several workers (Pennak, 1968; Patalas, 1972; Pandit, 1980; 
Sharma et al. 2007), was found to be present in all the selected ponds.  
In Chherat pond its population density varied from a minimum of 11 No/l in 
June to a July, 2011 to a maximum of 91 No/l October, 2010. In Laldiggi pond, it 
varied from   a minimum of  2 No/l in August, 2010 to a maximum of 63 No/l in 
October, 2010, whereas in Chautal pond it varied  from a minimum  of 6 No/l in July, 
2011  to a maximum  of 120 No/l in March, 2011. 
During the study Copepods peak values in monsoon and post monsoon in 
Chherat pond and in post monsoon in Laldiggi pond could be attributed to availability 
of more food during these times which plays an important role in their growth and 
also affect the fertility of Copepoda, while during post winter in Chautal pond 
attributed to high dissolved oxygen level and abundance of food organisms during this 
time. Thus, the presence of Copepoda throughout the period of study indicates their 
continuous breeding behavior.  
The percent contribution of copepods to crustaceans population was found to 
range from 8.42 % during December 2010 to 33.81 % in August, 2010 in Chherat 
pond; from 0.91 % during August, 2010 to 43.36 % in July, 2011 in Laldiggi pond; 
from 11.76 % during July, 2011 to 47.43 % in November, 2010 in Chautal pond.  
Statistically, Copepods recorded insignificant negative correlation with water 
temperature in Chherat pond (r = -0.327) and Laldiggi pond (r = -0.377) while 
significant negative in Chautal pond (r = -0.577), however, with total macrophytes, it 
showed significant positive correlation in all the selected ponds (Chherat pond; r 
=0.496; Laldiggi pond r = 0.653 and in Chautal pond, r=0.516), with free floating 
macrophytes, significant positive correlation in both Chherat pond (r =0.568) and 
Chautal pond (r=0.612); with submerged macrophytes it showed  insignificant 
correlation in Chherat pond (r = -0.004), positive insignificant correlation in  Chautal 
pond (r = 0.141) and significant positive correlation only in  Laldiggi pond (r = 0.550) 
; with emergent macrophytes it showed positive significant correlation in all water 
bodies, (Chherat pond, r=0.526; Laldiggi pond, r=0.668 and Chautal pond, r=0.586. 
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ANOVA indicated significant difference in copepods density between ponds (F=6.07; 
P<0.05) and insignificant between months (F=1.83; P>0.05). 
In the present study cyclopoids dominated over calanoids. This is quite 
obviously expected as the ponds under the investigation were macrophytes infested. 
Rundle and Ormerod (1992) reported abundance and richness of cyclopoids in 
wetlands with highly weed infested. Similarly Nilssen and Waervagen (2000) opined 
that cyclopoid species, Mesocyclops leukarti utilises periphytic and detritus food 
sources common in such water bodies. 
Among the representative species of copepods, Cyclops sp. dominated the 
group in Laldiggi and Chherat ponds while Thermocyclops sp. in Chautal pond. 
Density of Cyclops in a particular water body can be one of the most reliable 
biological tools to differentiate clear and polluted quality of water. Availability of the 
food increases the number of copepods by increasing the production of their nauplii 
(Mathew, 1985). 
Ostracoda: The Ostracoda was found to be the second dominant group in 
both Cherrat pond and Chautal pond. It is represented by five genera Candona sp., 
Cypris sp., Cypriodopsis sp., Eucypris sp., and Heterocypris sp. Being cosmopolitan 
species they have wider tolerance ranges compared to less common species. 
Moreover, assemblages of these species and their distribution may provide an early 
indication of changes in water quality (Kulkoyluoglu, 2004).   
Ostracods showed growth peak during post winter (February and March, 
2011) in Chherat pond; summer peak and post Monsoon Peak in Chautal pond 
whereas in Laldiggi pond  in summer, Monsoon and post monsoon.  
In Chherat pond the population density varied from a minimum of 7 No/l in 
December, 2010 to a maximum of 101 No/l March, 2011, while in Laldiggi pond it 
was 2 No/l in March, 2011 and 85 No/l in August, 2010 whereas in Chautal pond it 
was 9 No/l in November, 2010 and 57 No/l in February, 2010. 
Total percent contribution of ostracods was found to range from 3.47 % during 
December, 2010 to 61.11 % in June, 2011 in Chherat pond, from 2.0 % during March, 
2011 to 38.81 % in August, 2010 in Laldiggi pond and from 5.14 % during 
November, 2010 to 66.67 % in July, 2011 in Chautal pond. 
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Statistically, no significant relationship was observed between Ostracoda 
density and different groups of macrophytes. ANOVA indicated insignificant 
difference in Ostracods density between ponds (F=1.01; P>0.05) and between months 
(F=1.38; P>0.05). 
Nauplii 
During present study, for the convenience, different nauplier stages of 
crustaceans were grouped together and recorded as nauplii during qualitative and 
quantitative analysis. Presence of nauplier stages during most of the study period in 
the samples collected from these ponds suggests prolific and continuous breeding of 
crustaceans. However, their dominant peaks were recorded  in monsoon (September, 
2010) and post monsoon (October, 2010) in Chherat pond; while in Chautal pond 
dominant peaks were observed in post winter month (February, 2010); in Laldiggi 
pond in post winter (February, 2011) and monsoon months (September, 2010). 
Total percent contribution of nauplii was found to be ranged from 1.19 % 
during, January, 2011 to 24.03 % in September, 2010 in Cherrat pond, from 0.57 % 
during November, 2010 to 22.89 % in August, 2010 in Laldiggi pond and from 1.60 
% during September, 2010 to 15.00 % in June, 2011 in Chautal pond. ANOVA 
indicated significant difference in nauplii density between ponds (F=3.33; P<0.05) but 
insignificant between months (F=1.55; P>0.05). 
Diversity Indices 
The Shannon Wiener index is based on both the number of species present 
and relative abundance of each species. The degree of uncertainty of predicting the 
species of a random sample is related to diversity of a community. The index values 
for Aquatic macrophytes varied from a minimum of 0.690 in June, 2010 to a 
maximum of 1.899 in March, 2011 in Chherat pond, from 1.036 in June, 2011 to 
2.116 in February, 2011 in Laldiggi pond and from 0.9949 in July, 2011 to 1.889 in 
February, 2010 in Chautal pond. 
Shannon diversity of Crustacean varied from a minimum of 0.442 in 
December, 2010 to a maximum of 1.087 in July, 2011 in Chherat pond, from 0.706 in 
May, 2010 to 1.064 April, 2011 in Laldiggi pond and from 0.852 in July, 2011 to 
1.0781 in June, 2011 in Chautal pond.  
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Aquatic macrophytes species evenness varied from a minimum of 0.815 in 
July, 2011 to a maximum of 0.997 in June, 2010 in Chherat pond; from 0.840 in May, 
2010 to 0.982 in September, 2010 in Laldiggi pond and from 0.759 in May, 2010 to 
0.998 in June, 2011 in Chautal pond. 
Crustaceans species evenness varied from a minimum of 0.402 in December, 
2010 to a maximum of 0.989 in July, 2011 in Chherat pond, from 0.643 in May, 2010 
to 0.968 in April, 2011 in Laldiggi pond and from 0.776 in July, 2011 to 0.996 in 
May, 2011 in Chautal pond. 
Species richness index values for aquatic macrophyte varied from a minimum 
of 0.300 in June, 2010 to a maximum of 1.229 in February, 2011 in Chherat pond; 
from 0.577 in July, 2011 to 1.733 in February, 2011 in Laldiggi pond and from 0.538 
in June, 2010 to 1.321 in October, 2010 in Chautal pond.  
Monthly species richness index values for Crustaceans in all the three ponds. 
The species richness index values for Crustacean varied from a minimum of 0.341 in 
October, 2010 to a maximum of 0.553 in July, 2011 in Chherat pond; from 0.352 in 
October, 2010 to 0.480 in June, 2010 in Laldiggi pond and from 0.346 in February, 
2010 to 0.508 in July, 2011 in Chautal pond.  
The monthly species dominance index  of aquatic macrophytes varied from a 
minimum of 0.497 in June, 2010 to  a maximum of 0.843 in March, 2011 in Chherat 
pond; from  0.623 in June, 2011 to 0.870 in September, 2010 and February, 2011  in 
Laldiggi pond and from 0.595 in July, 2011 to 0.843 in February, 2010 in Chautal 
pond.  
The monthly species dominance  index of Crustacean communities  varied 
from a minimum of 0.220 in December, 2010 to a maximum  of 0.677 in July, 2011 in 
Chherat pond;  from 0.447 in November, 2010 to 0.650 in April, 2011 in Laldiggi 
pond and  from 0.505 in July, 2011 to 0.667 in May, 2011 in Chautal pond. 
For aquatic macrophytes the highest similarity 96.37 % was recorded between 
November, 2010 – December, 2010 in Laldiggi pond followed by 95.71 % between 
November - December, 2010 in Chherat pond and 88.56 % in April- July, 2010 in 
Chautal pond. The lowest similarity 30.11 was recorded  between February, 2010-
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July, 2011 in Chautal pond followed by 30.67 between July, 2010 - July, 2011 in 
Chherat pond and 33.44 between July, 2010–April, 2011, in Laldiggi pond. 
 For the Crustaceans highest similarity 98.98 % was recorded between 
December, 2010 – January, 2011 in Chautal pond followed by 97.66 % between 
April, 2010, July, 2010 in Laldiggi pond and 96.45 % between April, 2010 - May, 
2010 in Chherat pond. The lowest index was 49.62% between October, 2010 – July- 
2011 in Chherat pond followed by 53.42 % in November, 2010 - July, 2011 in 
Chautal pond and 55.23% in August, 2010 – March, 2011 in Laldiggi pond.  
Overall, the Similarity index values suggest that the species showed variability 
in their presence and abundance in crustaceans communities of the selected ponds 
during the course of study. This might be due to their response to monthly changes in 
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





           
          


   

          

        
          
 
       

     


           
           
          
        
          

         


      
         

           

           
   
  
              

   


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




      
       
    
  
              
  









          
          




         







            

        
      
     
             

       





        




            
   






            

          


            

         
              

            
            
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            
          
            


          


            


           
        
           






            

            






            
           
          
           
          





       
      
           
  





       
           
     






          

              

          
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a. Chherat pond 
b. Laldiggi pond 
 
c. Chautal pond 
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     

     

       

      
      
    
    
      
      
      
      
    
     
      


          
          
            
             
              
             

          
        
         










   

     
     
     

      
     
   
      

      
    
     

     
    
    
    
      


       
       
     
      
     
     
     
       
   
     
     

        
      
     
     
    
      
     


   

     
    
     
       
    
     
       
      
     
     
      
     
      
      


         

      
      
      
     
    
    
    

    
     
      

     
        
      
       
       
       















    
   
   
   
   
   
   
   
   
   
   
    
   
   
   
   
   
   







    
   
   
   
   
   
   
   
   
   
   
    
   
   
   
   
   
   








    
   
   
   
   
   
   
   
   
   
   
    
   
   
   
   
   
   
   

   

   
   

   
    
       
         
       
          
       
       

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